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Insights Into the Interaction of a Model Membrane Binding Protein, An-
nexin A5, with Calcium ion and Phospholipids Garnered via Isothermal
Titration Calorimetry
Samantha R. Jaworski, Jacob W. Gauer, Kristofer J. Knutson,
Anne Hinderliter.
Coupled equilibrium is a theme that runs throughout biochemical systems. It
enables the ability to modulate a protein’s response as a function of changing
ligand levels. Isothermal titration calorimetry is a powerful tool to capture
the thermodynamic signature of interactions as it relies upon the inherent
heat of an interaction and not upon non-physiological probes. It is also a tech-
nique rift with potential complications due to the need of relatively high con-
centrations of macromolecule and ligand, but, more critically, only limited
and somewhat simple models are readily available for analysis. Both of these
issues are amplified in systems that contain acidic membrane and calcium
ion, as precipitation is present and well developed binding models for mem-
brane are not. The benefits, however, outweigh the potential for failure, and
the resultant global analysis of the thermodynamic cycle of the interaction of
a membrane-binding protein with phospholipid and calcium ion is presented.
A single model was found to globally fit the interaction of annexin a5 with cal-
cium ion, with calcium ion in the presence of phospholipid, with phospholipid
in the presence of calcium ion, and annexin a5 with phospholipid. We find that
the protein in the presence of phospholipid conserves its number of calcium-
binding sites with near solution state affinity. In addition, binding phospholipid
induces the formation of a number of new high affinity calcium sites; overall,
this is a type of allosteric transition model. These low and high affinity calcium
sites have very different calorimetric profiles. The model suggests that the
small population of protein that binds membrane serves to thermodynamically
position the protein such that it is able to bind calcium ion with much higher
affinity than in solution.
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Mechanisms of Interfacial Activation of Human and Bee Venom Phospho-
lipase A2 Enzymes
Ramone Eldemire, Christopher R. Reilly, Suren A. Tatulian.
A class enzymes, known as interfacial enzymes, must bind to cell membranes in
order to reach their full activity. Different mechanisms may underlie interfacial
activation of functionally similar yet structurally divergent proteins. Human
group IIA phospholipase A2 (hIIAPLA2), an inducible acute phase inflamma-
tory enzyme found in blood and the synovial fluid, and group III bee venom
PLA2 (bvPLA2) both catalyze the hydrolysis of the sn-2 acyl chain from mem-
brane glycerophospholipids. Despite the functional similarity, they have been
shown to employ distinct membrane binding modes and regulatory mechanisms
(Pande et al., Biochemistry 45, 12436-12447, 2006). The aim of this work was
to provide further insight into the molecular mechanisms of activation of hIIA-
PLA2 and bvPLA2, namely, to elucidate how phospholipid micelle formation
affects their activities and identify conformational changes underlying activa-
tion. Activities of both enzymes were measured as a function of the concentra-
tion of a short-chain lipid, diheptanoylthio-phosphatidylcholine (DHTPC). The
activity of bvPLA2 increased steadily with increasing DHTPC concentration,
whereas the activity of hIIAPLA2was negligible below the critical micelle con-
centration (cmc) of DHTPC and sharply increased above cmc. These data indi-
cate that hIIAPLA2 behaves like a classical interfacial enzyme that undergoes
activation upon micelle surface binding, and bvPLA2 is less sensitive to the ag-
gregation state of the substrate. Circular dichroism studies indicated significant
conformational changes in hIIAPLA2 upon activation by phospholipid micelle
formation. Further studies will identify a correlation between conformational
changes in both PLA2s and their activation and will thus enhance or under-
standing of the structural basis of interfacial activation.
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Effect of Hydrophobic Surfactant Proteins on the Structure of Oriented
Lipid Bilayers
Kamlesh Kumar, Leonard E. Schulwitz Jr., Thomas M. Weiss,
Shankar B. Rananavare, Stephen B. Hall.
The hydrophobic surfactant proteins, SP-B and SP-C (SP), enhance the ad-
sorption of phospholipids to an air-water interface. Previous evidence sug-
gests that the SP-B forms amphipathic helices that are oriented parallel to
the surface of phospholipid bilayers, whereas SP-C forms transmembrane
helices. To determine the mechanism by which the SP induce adsorption
of lipid vesicles, we measured small-angle X-ray scattering from dioleoyl
phosphatidylcholine (DOPC) bilayers aligned on solid supports with the pro-
teins in their physiological ratio. Increasing amounts of protein (0-5%) de-
creased the difference between maximum and minimum electron density,flattening the electron density profiles (EDP) across the bilayer. This flatten-
ing of the EDP with increasing protein concentration has been attributed pre-
viously to lateral variation of bilayer thickness. Larger amounts of protein
also increased the lamellar d-spacing in the supported films. The EDP ex-
plained this increase by a greater head-head distance (dHH) of the mem-
brane. Prior studies have found that amphipathic peptides cause thinning
of the dHH in contrast to the thickening of dHH observed with the SP.
Our results therefore suggest that the increased dHH observed here is unre-
lated to the amphipathic SP-B, and instead reflects hydrophobic matching
with the SP-C transmembrane helix, the length of which exceeds the thick-
ness of the DOPC bilayer.
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Quantifying Protein Binding to Lipid Vesicles Using Fluorescence Corre-
lation Spectroscopy (FCS)
Ana M. Melo, Ana Coutinho, Manuel Prieto.
Quantitative evaluation of protein binding to liposomes through the determi-
nation of their partition coefficient (Kp) is an important step in any lipid-
protein interaction study because it allows the calculation of protein interfacial
coverage of the lipid vesicles, often the critical parameter controlling the pro-
tein membrane binding mode (peripheral vs partial insertion) and/or its oligo-
merization state. In this study, the application of fluorescence correlation
spectroscopy (FCS) technique to investigate the binding of protein molecules
to phospholipid vesicles is presented. We have found that the type of fitting
function used in the analysis of the experimental AC curves obtained in a par-
titioning experiment strongly influences the final recovered partition coeffi-
cients. We show that if the parameter chosen to establish the partition
curves of the fluorescent peptide/ protein is the fractional amplitude associated
with the slowest diffusing particles in the system (lipid vesicles) then it is nec-
essary to consider explicitly the statistical (Poissonian) distribution of the
fluorescently-labeled protein among the ensemble of lipid vesicles in the fit-
ting procedure to not overestimate the determined Kp values. We have ex-
tended this analytical model by considering the presence of a trace amount
of free fluorescent dye (nonbinding component) in the system to account for
an apparent maximum binding level less than 100% in the experimental par-
titioning curves obtained for Alexa 488 fluorescently-labeled lysozyme and li-
posomes prepared with variable anionic phospholipid content. The extreme
sensitivity of the FCS technique allowed uncoupling lysozyme partition
from the protein-induced liposome aggregation, confirming that lysozyme
binding to negatively charged liposomes is dominantly driven by electrostatic
interactions.
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Diffusion and Reaction on Cells Membranes: Surface Assembly of FVIIA
(Factor VIIA) with TF (Tissue Factor) is Facilitated by FX (Factor X)
Maria P. McGee, Michael Morykwas, Louis Argenta.
Assembly of circulating fVIIa with the trans-membrane protein TF on procoa-
gulant cells triggers blood coagulation by activating fX to fXa. Theoretical
diffusion-reaction models and numerical simulations that incorporate
surface-transfer steps for each reactant predict that the order sequence at which
reactants enter the solution-phase influences subsequent surface-reaction kinet-
ics. Here we test this prediction experimentally using live TF-bearing cells and
pure fVIIa and fX.
Generation of fXa from fX is measured after adding fVIIa and fX either se-
quentially (at a 5 min interval) or simultaneously to Vero cells anchored
onto spherical microcarriers in batch and flow reactors, at concentration ratios
fX/fVIIa > 100 .Surface TF by immunoassay is ~ 25 fmol/cm2 ; MRT (mean
reaction times) are calculated from the initial distribution of reaction times,
i.e. while fXa generated is < 0.5 % of total fX added. Controls in both type
reactors confirm that cells and fVIIa are indispensable for detectable fX acti-
vation. When reactants are added sequentially, MRT are shorter in both reac-
tors if fVIIa rather than fX is added first, in agreement with theoretical
predictions. However, if reactants are added simultaneously, in batch-
reactors MRT agree with model’s predictions while in flow reactors MRT
are shorter than predicted. Further, MRT are also shortened in batch reactors
if fVIIa is mixed with fX before adding the cells (to simulate dead-times of
flow systems).
Together, data is consistent with transient reaction steps where interactions
between fVIIa and fX/fXa in solution facilitate subsequent surface transfer
of fVIIa and/or its functional assembly with TF. These mechanisms may re-
late to stabilization of optimal fVIIa binding conformations and/or local
changes in membrane geometry induced by coupled insertion of the two
Gla-domains.
